The etiology of localized scleroderma remains unclear. The objective of this article is to review different theories of etiology, specifically provocative and predisposing factors for the development of localized scleroderma. The mini-review presents the factors, which may influence the occurrence of localized scleroderma. The genetic predisposition for the development of scleroderma is a relevant characteristic of the disease. Different traumatic factors, viral & bacterial infections, chemical substances, pharmaceutical agents may trigger localized scleroderma. Neoplasia is regarded as a distinct triggering impulse for scleroderma.
INTRODUCTION
Scleroderma is considered a tripartite disease associated with autoimmune, fibroblast and endothelial disorders. The nomenclature of scleroderma has changed dramatically in recent years, with morphoea (localized scleroderma), limited cutaneous systemic sclerosis, diffuse cutaneous systemic sclerosis, and systemic sclerosis sine scleroderma encompassing the currently accepted disease subtypes. Major advances have been made in the molecular studies of localized scleroderma. However, the etiology of the disease remains not yet entirely understood [1] . Many factors are being discussed as provocative for the occurrence of scleroderma: genetic factors, trauma, viral & bacterial infections, toxic substances or pharmaceutical agents [2, 3] .
The objective of this article is to summarize different theories of etiology, provocative and predisposing factors for the development of localized scleroderma, using a review of literature. [11] thyroid dysfunctions Bonilla-Abadia F., Muñoz-Buitron E, Ochoa CD, Carrascal E., Cañas CA (2012) [13] ,Hassan I., Arif T, Anwar P.(2014) [12] diabetes mellitus Firoz EF, Kamino H, Lehman TJ, Orlow SJ(2010) [22] [63] vitamin B 12 Verdelli The Endocrine Changes
The endocrine changes are considered contributing to the development of autoimmune disease. It is well known that different types of scleroderma can follow pregnancy [9 -11] Hassan I & colleagues, (2014) examined thyroid dysfunctions in morphoea. The levels of thyroid stimulating hormone were elevated with 41.2% patients [12] .
Bonilla-Abadia F.& colleagues,(2012) reported a case presenting an association of localized scleroderma, vitiligo, autoimmune thyroidism, pneumonitis, autoimmune thrombocytopenic purpura and central nervous system vasculitis. Localized scleroderma seemed to be a part of multiple autoimmune syndrome [13] . There are many reports of localized scleroderma associated with vitiligo in patients with thyroid disfunction [14 -16] . Association of localized scleroderma with other autoimmune diseases emphasizes autoimmune etiology of localized scleroderma.
The typical association with other autoimmune diseases, as seen in generalized vitiligo, seems to be significantly less in segmental vitiligo [17] .
However, there are some reports of localized scleroderma associated with vitiligo in patients without thyroid disfunction [18 -20] . Apart from these surveys, a case of segmental vitiligo involving the left side of the trunk and left upper limb with segmental morphea involving the right side of trunk and right upper limb was present in an 18-year old (Table ) contd..... girl. A history of type II diabetes mellitus in the father was elicited [21] .
Localized scleroderma was diagnosed in diabetes mellitus patients, as well [22] .
Trauma
Different physical injuries are known to be a triggering factor for scleroderma development. Arif T. & colleagues, (2015) reported a case of linear localized scleroderma in a 26-year old woman with a lesion on the frontal and forehead regions. The patient mentioned that she had had a trauma at the same site six years back [23] . Trauma was the triggering factor as well in the development of linear scleroderma in a 32-year old woman. The skin lesion remained localized to the forehead during the subsequent 12 years and then the new lesions progressed down. The question of the possibility of quiescent period in the development of scleroderma was discussed [24] . The cross-sectional analysis of the localized scleroderma in adults and children cohort (MAC) was performed by Grabell D & colleagues, (2014) [25] . 52 (16%) among 329 patients in the MAC cohort had trauma-associated lesions at the onset of disease. Patients with lesions in an isotopic distribution had greater clinical severity as measured by a clinical outcome measure [25] . Another crosssectional survey of the MAC cohort emphasized the role of skin trauma [26] . The mechanical compression from clothes [27] , particularly slim belt, is discussed [27] . The appearance of localized scleroderma lesions after fluoroscopy, laparotomy and rhinoplasty was outlined [28 -30] .
A case of a morphea profunda in a 50-year-old woman with a history of trauma sustained in an automobile accident was reported [31] . Vibration can influence the appearance of scleroderma, as well [32] . Ueda T & colleagues, (2010) presented a case of linear scleroderma developed approximately 3 months after contusion and treatment by local injection of mepivacaine hydrochloride [33] .
Viral and Bacterial Infections
A potential triggering role of CMV primary infection in the development of scleroderma is discussed [34] . ParryRomberg syndrome, frequently associated with localized scleroderma, is known to be provoked by viral infections [35] . Some cases of localized scleroderma following varicella were described earlier. Qu T & Fang K., (2014) presented another possible connection of localized scleroderma with Varicella Zoster. A case of bullous morphea arising at the site of a healed herpes zoster was described [36] . HIV infection associated with scleroderma is also known, and the immunodeficient status may be predisposing for localized scleroderma development in these cases [37] .
The question of the role of Borrelia infection still remains controversial [38 -49] . Different diagnostic methods may be crucial for the estimation of the Borrelia significance. For example, the investigation performed in Mexico showed a lack of IgG antibody seropositivity to Borrelia burgdorferi in patients with Parry-Romberg syndrome and linear morphea en coup de sabre [48] . The results of PCR-based studies do not argue for a significant association of B. burgdorferi sensu lato with localized scleroderma [39] . On the other hand, Verberkt RM and colleagues, (2014) emphasized that focus floating microscopy proved to be more sensitive than polymerase chain reaction and observed to be nearly equally specific [49] .
Not only infections, but also vaccination can induce scleroderma [50 -53] . Morphoea profunda after hepatitis B vaccination was described [50] . In another case, morphoea profunda appeared 3 months after a third dose of diphtheriatetanus-pertussis vaccine [51] . Measles/mumps/rubella vaccine is also known as a factor, which may be provocative for the development of localized scleroderma [52] . Morphoea profunda after pneumococcal vaccination was also described [53] .
Chemical and Pharmaceutical Agents
The incidences of localized scleroderma and systemic sclerosis have increased in patients with preceding exposure to particular substances. Scleroderma can be induced by some chemical agents, for example pesticides containing malathion and diniconazole [54] . Localized scleroderma is occasionally linked with exposure to chemical compounds such as silicone [55] . The disease was described as a sign of autoimmune syndrome induced by adjuvants [56] .
Valproate is known to provoke the development of autoimmune diseases [57, 58] . The exposure to valproate can cause sclerodermal skin changes [59] .
Several classes of drugs seem to be capable of inducing or exacerbating localized scleroderma [60] . The treatment with TNF-alpha inhibitors can induce localized scleroderma development [61 -63] . Scleroderma-like cutaneous changes may be caused by vitamin B 12 [60] , vitamin K [64] and hydroxyurea [65] . On the other hand, patients with autoimmune diseases are diagnosed with increased frequencies of some cancers, which may depend on treatment.
Moreover the treatment of oncologic diseases can also provoke the development of localized scleroderma. The antifolates may cause scleroderma-like induration of the skin [66] . Bleomycin can also cause scleroderma-like changes and nowadays is used for mouse model of scleroderma [67 -70] . The taxanes can also cause scleroderma-like lesions [71 -73] . The usage of cathepsin K inhibitor balicatib has an adverse effect of skin hardening and morphoea-like changes, as well [74] .
Scleroderma and Oncologic Diseases
The autoimmune diseases are associated with an increased risk of malignancy [75] . Dysregulation of the immune system underlies systemic sclerosis [76] . In localized scleroderma [77, 78] indicated to possible association with oncologic diseases.
Co-existence of scleroderma and multiple myeloma was described by Gajendra S. & colleagues, (2013) [79] . Squamous cell carcinoma is known to develop in localized scleroderma patients [80 -82] . Paraneoplastic scleroderma is described, as well [83, 84] . Jedlickova H & colleagues, (2016) regard neoplasia as a distinct triggering impulse for scleroderma. The patients with paraneoplastic scleroderma were characterized by older age, sudden onset, diffuse thickening of the skin, and/or generalized morphea with a concurrent neoplastic disease. When the tumor treatment was successful, skin changes regressed. Further studies may confirm the true link between scleroderma and malignancy [83] .
Several cases describe the development of localized scleroderma induced by radiotherapy prescribed for breast cancer [84 -94] . De Giorgi V & colleagues, (2010) described synchronous cutaneous angiosarcoma, melanoma and localized scleroderma, which developed within 14 years after radiotherapy of breast carcinoma [91] . Spalek M & colleagues, (2015) presented the literature review that analyzed 66 cases reported in the literature since 1989. The clinical appearance often includes pain and disfiguration of affected area, which may influence the patient's quality of life. There is no clear connection between the radiotherapy dose, the fractionation scheme, the use of a boost, age, the presence of other dermatological conditions or other connective tissue diseases and the occurrence of radiation-induced localized scleroderma [92] . Vigneron C and colleagues, (2014) believes that radiation-induced localized scleroderma is unrecognized and under-diagnosed [93] . The postirradiation linear morphea was described in a 74-year-old woman who was treated with radiotherapy for endometrial carcinoma. About 3,5 years after the first dose of radiotherapy, the patient developed linear localized sclerodermastarting from the radiation port and affecting distant, nonirradiated skin [94] .
DISCUSSION
The genetic predisposition to localized scleroderma has been investigated in the recent years [4 -8] . The triggering factors in genetically predisposed individuals might initially lead to an immunologically triggered release of proinflammatory cytokines, resulting in a profound dysregulation of the connective tissue metabolism and ultimately to induction of fibrosis [95] . Actually, there are no obligatory triggering factors, but each group of them can be crucial for a certain group of patients.
The physiological and pathological endocrine changes can precede the appearance of localized scleroderma [9 -14] . The role of hormonal upregulation is being discussed as a possible trigger of autoimmunity [12 -14] . As for pregnancy, it can be a predisposing factor of localized scleroderma because of microchimerism. The chimeric cells are non-self cells transferred from fetus to mother during pregnancy [10] .
The trauma-associated lesions at the onset of disease were often mentioned [25 -33] . The post-traumatic neurovascular changes are possible predisposing factors for the development of localized scleroderma.
The viral and bacterial infections are often discussed as provocative for the onset of autoimmune diseases. The role of Borrelia infection still remains unclear. The controversial opinions are presented in [38 -49] . The different viral infections are also known to precede the appearance of localized scleroderma [34 -37] . Anyhow, the viral and bacterial infections are not obligatory for the development of localized scleroderma, but seem to be the triggering factors. The different vaccinations are likely to be triggers, as well [50 -53] .
The localized scleroderma can be induced by some chemical agents (pesticides containing malathion and diniconazole, silicone, etc.) [54 -56] . Different groups of pharmaceutical agents (valproate, TNF-alpha inhibitors, vitamin B 12 , vitamin K, hydroxyurea, antifolates, taxanes etc.) can also provoke the onset of localized scleroderma [57 -74] . We can suppose that the administration of these drugs might initially lead to an immunologically triggered release of pro-inflammatory cytokines and further development of localized scleroderma.
The patients with localized scleroderma are predisposed to oncologic diseases [77, 78] , and vice versa, the development of localized scleroderma can be induced by radiotherapy prescribed for breast cancer [84 -94] . Some cases of co-existence of localized scleroderma and other malignancies were also described [75 -82] . The link between fibrosis, tumor progression, and cancer metastasis is being investigated. The impact of immune changes cannot be denied, either.
CONCLUSION
Analysing the publications on localized scleroderma, we can see the following predisposing and trigger factors: the genetic predisposition trauma some chemical substances (marathon, diniconazole, silicone) the pharmaceutical agents (valproate, TNF-alpha inhibitors, vitamin B 12 , vitamin K, hydroxyurea, antifolates, taxanes) Borrelia burgdorferi and viral infections vaccinations radiotherapy for breast cancer the possibility of the development of paraneoplastic scleroderma
